Introduction {#sec0005}
============

Painful shoulders are a very common complaint among athletes, especially in the case of those involved in ball-throwing sports. Partial tears of the rotator cuff may be very painful and cause significant functional limitation in athletes' sports practice.[@bib0310], [@bib0315]

The clinical and radiological diagnosis of partial tears is difficult to make. Some studies have suggested that partial tears may be more painful that complete tears,[@bib0320], [@bib0325], [@bib0330] although clinical examinations and the pain presented are poor indicators of the size of the lesion[@bib0335] and also are no help in differentiating between partial and complete tears.[@bib0340]

Partial tears of the rotator cuff should be considered as a diagnosis for any patient who has been identified in preoperative examinations as presenting tendinopathy of the rotator cuff, or for any patient with complete tears, since there is evidence that a significant number of untreated partial tears evolve to larger or complete tears.[@bib0345]

The incidence of partial tears ranges from 13% to 37%.[@bib0350], [@bib0355], [@bib0360], [@bib0365], [@bib0370] Fukuda[@bib0325] reported that partial tears occurred in 13% of their patients. Of these, 18% were bursal, 55% were within the tendon and 27% were inside the joint, on the tendon of the supraspinatus.

Rotator cuff injuries in athletes have been described in several studies in the literature recently.[@bib0325], [@bib0335], [@bib0340], [@bib0365], [@bib0375], [@bib0380] However, the athletes most studied have been those involved in ball-throwing sports. The present study observed a pattern of partial tears of the rotator cuff both in these athletes and in those practicing muscle-building. We did not find any studies in the literature addressing these injuries in the latter type of sport.

Typically, rotator cuff injuries among athletes involved in ball-throwing sports occur in the articular portion of the tendon and at the junction between the tendons of the supraspinatus and infraspinatus.[@bib0325], [@bib0335], [@bib0340], [@bib0365], [@bib0375], [@bib0380]

There are basically two theories regarding the etiology of partial tears: the extrinsic and the intrinsic theory.

The extrinsic theory[@bib0385], [@bib0390] describes abrasion between the rotator cuff and an abnormal acromion, in which the impact would result in a bursal lesion. For intra-articular lesions, another type of impact has been described: internal impact. In this, the supraspinatus impacts against the glenoid, especially when these athletes adopt a throwing position above head level.[@bib0395], [@bib0400]

On the other hand, the intrinsic theory is based on internal degeneration of the tendon. In histological studies, this degeneration is more prominent on the joint side of the tendon of the intact supraspinatus.[@bib0405]

Other factors have been described, such as trauma, repetitive movements, instability and an insidious start associated with degenerative age-related alterations.[@bib0410], [@bib0415], [@bib0420], [@bib0425], [@bib0430], [@bib0435]

Objective {#sec0010}
=========

To study the epidemiology of partial tears in athletes practicing different sports who were attended at the shoulder outpatient clinic for athletes at the Sports Traumatology Center (CETE) of the Federal University of São Paulo (UNIFESP).

Material and method {#sec0015}
===================

This study consisted of an initial evaluation of 720 medical files from the shoulder outpatient clinic for athletes of the Discipline of Sports Medicine of UNIFESP. Out of the total number of patients, 252 (35%) were women and 468 (65%) were men, with a mean age of 28.3 years. Among these patients, 34% were competitive athletes and 66% were recreational.

We divided the athletes into two groups: sports involving ball-throwing (volleyball, tennis and handball) and sports relating to muscle-building, such as body-building, base-training and gym training. There were 44 athletes in the first group and 39 in the second.

The inclusion criterion was that the patients should be athletes who were evaluated at our service and diagnosed with partial rotator cuff tears. Patients with other diagnoses, those who did not practice sports routinely, those presenting complete tears of the rotator cuff and those with associated glenohumeral pathological conditions such as arthrosis or infection were excluded.

Data were gathered using a form that sought clinical data such as pain and length of evolution of the condition, sex, type of sport and previous treatment. The provocative tests of Neer and Hawkins--Kennedy and the Jobe test were also conducted as part of the physical examination.

The diagnosis was confirmed either by ultrasonography or by magnetic resonance imaging (MRI). In some cases, the patient underwent both of these examinations.

All the patients signed a free and informed consent statement prior to participation in this study. The study had previously been submitted to our institution\'s ethics committee for research on human beings, for assessment and approval.

The data were evaluated and processed by means of the binomial test for comparison between two proportions. The Bioestat 5.0 software was used.[@bib0440] We used the significance reference value of 5% (*p* \< 0.05).

Results {#sec0020}
=======

Among the 720 athletes evaluated, 83 (11.5%) were diagnosed with partial tears of the rotator cuff. The diagnosis of rotator cuff injury was confirmed by means of ultrasonography in 74% of the cases and by means of MRI in 87% of the cases.

The sports-related injury mechanism was of traumatic origin in 35.3% of the athletes studied and was associated with repetitive movement in 64.7%.

We found an incidence of intra-articular lesions of 67.6%. Of these, 66% were in athletes involved in ball-throwing sports. On the other hand, the incidence of bursal lesions was 32.4% and 75% of these occurred in athletes who practiced muscle-building ([Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"}, [Fig. 3](#fig0015){ref-type="fig"}).

From applying the binomial test between the proportions found, we observed that there was a statistically significant relationship between the intra-articular and bursal lesions (*p* = 0.0001). The intra-articular lesions were more prevalent than the bursal lesions.

Among the intra-articular lesions, statistical significance was observed regarding the prevalence of the injuries found among the athletes involved in ball-throwing sports (*p* = 0.0007). Bursal lesions were prevalent among practitioners of muscle-building (*p* = 0.0004).

The sports most frequently affected were volleyball, handball, tennis and muscle-building, with 18, 15, 11 and 39 athletes affected, respectively ([Fig. 4](#fig0020){ref-type="fig"}).

Thirty-four patients (40%) were symptomatic and refractory to conservative treatment. These patients underwent arthroscopy. The other patients achieved remission of the symptoms through conservative treatment alone.

Discussion {#sec0025}
==========

Partial tears of the rotator cuff in sports have been greatly studied. Both the Brazilian and the worldwide literature are vast in relation to these injuries in athletes involved in ball-throwing sports. Nevertheless, shoulder injuries in athletes are multifactorial and present some patterns that differ from those of the general population, which need to be noted. Moreover, we are unaware of any studies addressing this type of injury among muscle-builders.

We observed in this study that there was greater incidence of intra-articular lesions, of the order of approximately two to one, which is in line with current literature, which suggests that joint lesions are at least twice as frequent as bursal lesions[@bib0310], [@bib0365], [@bib0410], [@bib0445], [@bib0450], [@bib0455], [@bib0460], [@bib0465], [@bib0470] and that the majority of partial tears involve the tendon of the suprasupinatus.[@bib0415], [@bib0470], [@bib0475]

This predominance of intra-articular lesions can perhaps be explained by the bursal and intra-articular characteristics of the tendon, which are different. The bursal layer is composed primarily of tendon bands with greater capacity for stretching and, therefore, greater resistance to tearing. On the other hand, the joint face is composed on a complex of tendons, capsules and ligaments. It has the characteristic of poor distensibility and greater predisposition to tearing.[@bib0375]

In the present study, 40% of the patients diagnosed with partial rotator cuff tears continued to show symptoms after conservative treatment. This proportion was much higher than what can be found in the literature, as represented by the systematic review by Reilly et al.,[@bib0480] in which it was estimated that 5--10% of painful shoulders presented symptomatic partial rotator cuff tears. We considered that this important difference occurred because we were evaluating a population of athletes rather than the general population. Another factor might also have been the different age groups of the two studies: in the meta-analysis, the ages ranged from 43 to 54 years, while in our study the mean age was 28.3 years.

In some situations, the clinical and radiological diagnoses may be difficult to make, given that the clinical--radiological correlation may be low. The literature suggests that the pain may be more significant in partial tears[@bib0320], [@bib0325], [@bib0330] and that no pattern of pain can be established for differentiating between partial tears and tearing that affects the entire thickness of the tendon.[@bib0340] The gold standard for the diagnosis would really arthroscopy performed during the operation. However, according to more recent studies, arthro-MRI is indicated as the best radiological examination for this.[@bib0485] It is superior to conventional MRI and ultrasonography and presents sensitivity of 86% and specificity of 96%. However, its interobserver accuracy for classifying tears both as partial or complete and in relation to the degree of partial tearing is poor, as observed by Kuhn et al.[@bib0490] and Spencer et al.,[@bib0495] respectively.

Within the world of sports, a series of associated factors has meant that these injuries have acquired some particular characteristics, such that diagnosing these injuries becomes more difficult. In some way, this makes them diverge from the epidemiological patterns of the general population. From this perspective, shoulder pain in athletes involved in ball-throwing sports has been correlated with a variety of conditions or dysfunctions, such as: subacromial impact,[@bib0390], [@bib0495] anterior glenohumeral instability,[@bib0500], [@bib0505] internal impact,[@bib0390], [@bib0505], [@bib0510], [@bib0515], [@bib0520], [@bib0525], [@bib0530], [@bib0535], [@bib0540] contracture of the posterior capsule,[@bib0520], [@bib0545], [@bib0550] medial rotation deficit,[@bib0520], [@bib0545], [@bib0550] humeral retroversion,[@bib0555] dysfunction of the trunk, scapula and shoulder musculature[@bib0560] and biomechanical disorders.[@bib0410]

In individuals involved in ball-throwing sports and athletes who use their upper limbs in positions above head level, the internal impact seems to be the main cause of their shoulder pain.[@bib0565] In the stage of preparing for the throw, there is abduction of the humerus at between 60° and 70°, at maximum external rotation. In this position, arthroscopic and MRI examinations have shown that the joint face of the posterior portion of the tendon of the supraspinatus and the superior portion of the tendon of the infraspinatus has an impact against the posterosuperior border of the glenoid and its labrum.[@bib0340], [@bib0505], [@bib0510], [@bib0515], [@bib0520], [@bib0525], [@bib0530], [@bib0535], [@bib0540] This suggests that there is a biomechanical explanation for the predominance of intra-articular lesions.

Although the relationship established above is plausible and some studies point in this direction, other authors such as Walch,[@bib0510] Jobe and Sidles[@bib0535] and McFarland et al.[@bib0525] have believed that this impact between the glenoid and the tendon might be physiological.

From this perspective, we observed different patterns in the two groups studied (athletes involved in throwing sports and muscle-builders). Intra-articular lesions predominated in the athletes involved in throwing sports (66%) and bursal lesions among the weight-lifters (75%).

The relationship between these injuries and ball-hitting sports like baseball, volleyball and handball, in which the injury mechanisms and patterns are very similar, if not the same, is well defined. A combination of the internal impact, lower vascularization of the joint portion, greater module of elasticity and concentration of eccentric forces on a surface that is less favorable to the curve of maximum tension[@bib0565], [@bib0570] favors joint injuries in the rotator cuff. Extension of the lesion to layers that are more internal to the rotator cuff is notably recognized among athletes involved in throwing sports with internal impact.[@bib0390], [@bib0575] However, we are unaware of any studies in the literature addressing the relationship of these injuries with individuals undertaking muscle-building in gyms, as observed in this study.

Also in relation to some characteristics of the injury, it is known that the inability of the tendon to become cured can be partially attributed to the poor vascular supply in the tendon of the supraspinatus.[@bib0580], [@bib0585], [@bib0590] It has also been observed that the vascular supply is greater on the bursal side of the tendon.[@bib0580], [@bib0595]

On the other hand, *in vivo* studies have demonstrated that there is an increase in blood flow at the borders of complete tears.[@bib0600] Moreover, there was hypervascularization in a small sample of partial tears.[@bib0605] Histological studies have also suggested that the increases in vascularization are inversely proportional to the size of the lesion.[@bib0610]

Conclusion {#sec0030}
==========

In or study, the athletes were divided into two types: ball-throwers, encompassing volleyball, handball and tennis players; and practitioners of muscle-building, who could be doing this as a recreational or competitive activity, within body-building or base-training. We conclude that partial bursal lesions occur more frequently among individuals practicing muscle-building, while intra-articular lesions predominated among the athletes involved in ball-throwing sports.
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